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_a`cbb�dce�fgdcb�b�hifgdcekj�lPm�n�o*m�dcp�b�nqj�r6s^j�b�tgb�p,s^hifgpuncb,oBfgp�b�viwMxyfgp�h(jAb�tgb�p,s^hij�dPfgpup�fghip�zcf s^viwcm�dPn{fgd^s^b�e�him�s^b�nyj�r6s^fgp�m�t
p�fghip�zcf s^v|hib�}�zcfghib�v~rchib�p�fgv(bp�j�d^s^hij�t*j�lPtgm�s^b�h(m�tMncfgxyb�dcvifgj�dPv[m�dcn�s^`cfgp��AdPb�vivib�v|j�lPnPb,o�fgp�b#l�b�m�s^zchib�v~m�dcnqr�b�hil�b�p,s^fgj�d
j�l	`cb,s^b�hij�v�s^hizcp,s^zchib�v(����ji��rchib�vivizPhib�ncb�r�j�vif s^fgj�d�xyb,s^`PjAncv(w[vizPp(`�m�v�p(`cb�x�fgp�m�t|�Lb�m�x�b�rcf s^m��������a�#���km�dPn
rctgm�vixymyb�dP`cm�dcp�b�n�p�`cb�xyfgp�m�tco*m�r�j�h�nPb�rLj�v(f s^fgj�dcw/rctgmi��m�d�fgxyr�j�h�s^m�d^s{hij�tgb�fgdys^`cb�xym�d�zcl�m�p,s^zchifgdce�j�l~dcm�dcj�v��
s^hizcp,s^zchib�nPb,o�fgp�b�v�m�dPn�m�n6o*m�dPp�b�n�zct s^him��(tgm�hie�b vip�m�tgbyfgd^s^b�e�him�s^fgj�d¡��¢k��£P¤;��rch(jAp�b�viv(fgdce�w¥hib�vir�b�p,s^f oPb�t �¦�§£cj�x�b
m�hib�m�v¥j�lPfgd^s^b�hib�v�s�fgdPp�tgzcncbfgxyrchijioPb�nyncb�dcvif s^fgb�v|j�lFfgdKs^b�e�h(m�s^b�nyb�tgb�p,s^hij�dcfgpanPb,o�fgp�b�v¥m�dPn¨x�b,s^`cjAnPvYj�lFfgxyrchijio�fgdPe
s^`cbqp�j�dKs^hij�t~j�l�b�rcf s^m���fgm�t|nPb�rLj�v(f s^fgj�d�s^j©hib�m�tgfgª�bks^`Pb�vib{nPb,o�fgp�b�vi��«�b,��s^m�hie�b,s^v�fgd�¤i¤i¤¬���p�j�xyr�j�zcdcnc®�vifgtgfgp�j�d
`cb,s^b�hij�v�s^hizPp,s^zchib�v¯m�hibys^`Pb�p�j�d^s^hij�tRm�dcn°zcdPncb�hiv�s^m�dcnPfgdce�j�l�ncb�l�b�p,s�l�j�hixym�s^fgj�d¡m�dcn±s^`cb�fgd^s^b�him�p,s^fgj�dcv²m�dPn
rchij�rcm�e�m�s^fgj�dcvRj�l|ncb�l�b�p,s^vknczchifgdce�tgm�s^b�hRv�s^m�e�b�vRj�l|p�j�xyr�j�zcdPn³`cb,s^b�hij�b�rcf s^m����´e�hijµ��s^`c�¶_Yj�zcdcnPb�hiv�s^m�dcnqs^`Pb
rchij�r�b�h�s^fgb�vaj�l~ncb�l�b�p,s^v�fgdqs^`Pb�b�rcf s^m���fgm�t[·ctgxyw*��b�x¨zcv�s{zcdPncb�hiv�s^m�dcn{s^`cb��Afgdcb,s^fgp�v�j�lFs^`cfgd²·ctgx�e�hiji�as^`c�

¢�dcnPb�hiv�s^m�dcncfgdPe¨m�dPn¯p�j�d^s^hij�tgtgfgdce�s^`cfgd©·ctgx¸e�hiji�as^`³`cm�vu��b�b�d²mqvitgjµ�¹rchij�p�b�vivu��b�p�m�zcvibRtgf sµs^tgb�fgva��dcjµ�¨d
m��Lj�z�s�p(`cb�x�fgp�m�t¦hib�m�p,s^fgj�dqrchij�r�b�h�s^fgb�v�m�dcn�hib�m�p,s^fgj�d¨�AfgdPb,s^fgp�v[rcm�h(m�xyb,s^b�hiv�nPzchifgdce[s^`cb¥nPb�p�j�xyr�j�vif s^fgj�d{rPhijAp�b�v(v
j�l/xyb,s^m�tgj�hie�m�dcfgp�rPhib�p�zchivij�h(vi�º¤,d�s^`cb�·ctgx¹ncb�r�j�vif s^fgj�d©rchij�p�b�viviw¦s^`cb�·Ptgx»vizPhil�m�p�b�rctgmµ�Bv#m{x�m�¼�j�h#hij�tgbkfgd�s^`Pb
e�hijµ�as^`�rPhijAp�b�v(vYm�vLs^`Pbm�nPncf s^fgj�d�j�lcdcb,�½hib�m�p,s^m�d^s^v	p�m�dqvifge�dcfg·Pp�m�dKs^t �²xyj�ncfgl���s^`cb�e�h(jµ�as^`�p�`cb�xyfgv�s^hifgb�vk¾ ¿\wAÀ�Á9�
_a`cfgv©p(`cm�h(m�p,s^b�hifgv�s^fgp�j�las^`cfgdÂ·ctgxÃe�hijµ�as^`�p�`cb�xyfgv�s^h��ÄnczPhifgdce±p�`cb�xyfgp�m�t�ncb�r�j�vif s^fgj�d�p�j�x¨�cfgdcb�nÅ�¨f s^`±s^`Pb
ncb�xym�dcn{l�j�h[v�s^hifgdce�b�d^s�s^`cfgp��AdPb�viv~m�dcn�p�j�xyr�j�vif s^fgj�d¨p�j�d^s^hij�tAfgd{m�n6oMm�dcp�b�n{j�r�s^jAb�tgb�p,s^hij�dPfgp�fgd^s^b�e�him�s^b�n�p�fghip�zcf s^v
`cm�v�tgb�nys^jRs^`cb�ncb,oPb�tgj�rPxyb�dKsqj�l~vizchil�m�p�b�vib�dcv(f s^f oPb�hib�m�t ��s^fgxyb{j�r6s^fgp�m�t�v(b�dcvij�hivq¾ Æ�w/ÇÈÁ/s^`cm�s¨m�hib�m��ctgb#s^j xyjµoPb
s^`cb�x�j�dcf s^j�hifgdce¨m�dcn¯p�j�dKs^hij�tBr�j�fgd^skp�tgj�vib�hYs^j�s^`cbkr�j�fgdKs�{`cb�hib�e�hijµ��s^`¯j�p�p�zchiv(w\�{`Pfgp(`©fgd m¨p(`Pb�xyfgp�m�tB��b�m�x
b�rcf s^m��A�²rchij�p�b�viv~fgvFs^`cb#£cÉ��[��_a`Pb�£cÉ��©fgv|�czcfgt suzcrqj�lcrc`^��vifgv(j�hi��b�n{m�dcnqp�`cb�xyfgvij�hi��b�nqrchib�p�zPhivij�h~l�h(m�e�xyb�dKs^v
�Lb,s;�Rb�b�dys^`cb�m�x¨�cfgb�d^s{m�dcn³·ctgx�fgdKs^b�hil�m�p�b��

Ê rcrPt ��fgdce¨j�r6s^fgp�m�t�rchij���b¥s^b�p(`cdcfg}�zcb�v[s^jqhib�m�t ��s^fgxyb�p�`cm�him�p,s^b�hifgª�m�s^fgj�d�j�l*s^`cfgd¯·ctgx»e�h(jµ�as^`²fgdcp�tgzPncb�v/s^`Pb
p(`cm�tgtgb�dce�b¯j�lhib�tgm�s^fgdce³vizPhil�m�p�b�p(`cb�xyfgv�s^h��ËrPhijAp�b�v(vib�v#s^`cm�s nPhif oPbRs^`cb�e�hiji�as^`±rPhijAp�b�v(v#s^j³e�hiji�as^`�m�dcn�·Ptgx
rchij�r�b�h�s^fgb�viw[vizcp(`�m�v�p�j�x�rLj�v(f s^fgj�dcw�fgdcv�s^m�dKs^m�dcb�j�zPvke�h(jµ�as^`Ìhim�s^b�wYj�h�v�s^hizPp,s^zchim�t/}�zcm�tgf s9�¦�¹ÍÌj�v�s¨p�`cm�him�p,s^b�hif �
ª�m�s^fgj�dys^b�p�`cdcfg}�zcb�v~s^m���b�m�n�o*m�d^s^m�e�b�j�lPs^`cb�d�zcxyb�hij�zPvurchij���b�vumµoMm�fgtgm��ctgbus^j�rchijµoBfgncb�m�ncb,s^m�fgtgb�nÌm�vivib�v(vixyb�d^s
j�l�s^`Pb�m�x{�cfgb�d^s �^�Ëm�p�p�zPhim�s^b�t �°xyb�m�vizch(fgdce²m�x{�Pfgb�dKs rPhijAp�b�v(v�rcm�him�xyb,s^b�h(viw¥�cz6s�s^`Pb,�Ëm�hib�tgfgxyf s^b�n�fgd©s^`cb�fgh
m��cfgtgf s9��s^jÎncb�m�tu�{f s^`�p�j�xyrctgb,�¶vizch(l�m�p�b�p�`cb�xyfgv�s^h��Ïrchij�p�b�vivib�v(� ÐPj�h�b,�Bm�xyrctgb�wqnczchifgdPeÅ`Pb,s^b�hijAb�rPf s^m���fgm�t
Ñ m�Ò	® Ñ m�Ó�Ô�Õ¦¤;d\Õ¦ÒÖe�hiji�as^`Îj�dº£cf#zcdPncb�hqrczctgvib�nÎ�a�#�×��Ò��a�#�	��p�j�dcnPf s^fgj�dcviw	s^`cb©vizchil�m�p�b²fgv�b,��r�j�vib�n�s^j�m
rLb�h(fgjAncfgp�v(zcrcrct ��j�l[xyb,s^m�tgj�h(e�m�dcfgp{rPhib�p�zchivij�h(viwA�{`cfgp(`�hib�vizct s^vafgd�m�d³£cÉ��²�{f s^`³r�b�hifgj�ncfgp�m�tgt ��m�t s^b�hib�n�s^`cfgp��K�
dcb�viv�m�dcn±p�j�xyr�j�vif s^fgj�dc�§_a`cb�x�b�m�vizchib�xyb�d^s�s^b�p(`Pdcfg}AzPbyj�lYØ��(r�j�tgm�hifgª�b�n�hib�Ùcb�p,s^m�dPp�byvir�b�p,s^hij�vip�j�r^�Ú��Ò	É�£P�
¾ Û\w[Ü�w~Ý�Á9wF�{`cfgp�`�`Pm�vknPb�xyj�dcv�s^him�s^b�n�`cfge�`Ìvib�dcv(f s^f o�f s;��s^ji�Rm�hinPvkv(zchil�m�p�b{hib�m�p,s^fgj�d�rPhijAp�b�v(vib�vRfgdys^`cb¨p�j�d^s^b,�As
j�l[hib�m�t ��s^fgx�b�xyj�dcf s^j�hifgdPe�j�l�Ò	�����wBm�tgtgjµ�{v�zcvYs^j�zcdcncb�h�s^m���bs^`cbRncb�vifghib�n²p�`cm�him�p,s^b�hifgª�m�s^fgj�d�m�dcn©p�j�d^s^hij�t/j�l
s^`cfgd³·ctgx�nPb�rLj�v(f s^fgj�dc�

Þ b�v�s^m�h�s�fgd¡£Pb�p,s^fgj�d�À��¨f s^`¡mÅ�chifgb�l��cm�p(��e�hij�zcdcnÂj�d´s^`cb�b,�BrLb�h(fgxyb�dKs^m�tRe�hiji�as^`Âm�dcnÂxyj�dcf s^j�hifgdPe
p�j�dcncf s^fgj�dcvym�dPnÅv(`cjµ�ßhib�v(zct s^vqj��6s^m�fgdcb�nÎ�^�¡Ò	É�£ËnczchifgdceÌhib�m�t ��s^fgxyb²p�`cm�him�p,s^b�hifgª�m�s^fgj�d¡j�l�`Pb,s^b�hijAb�rPf s^m���fgm�t
e�hijµ�as^`±j�l Ñ m Ó�Ô1Õ ¤;d Õ Òàj�d�£cf|vizP�cv�s^him�s^b�vi�á¤,d�£cb�p,s^fgj�d�Æ�wB��b�fgd^s^hijAnPzcp�b�s^`cb�xyj�ncb�t|zcvib�n¯s^j²vifgx¨zctgm�s^bRs^`Pb
Ò	É�£Ëxyb�m�v(zchib�xyb�d^s^vi� Þ b©m�tgvij�ncb�v(p�hifg��b�s^`cb¯tgfgdc��j�l|s^`cb©Ò	Éâhib�vir�j�dcvib�s^j�s^`cb©vifgx{zPtgm�s^fgj�dÎrcm�him�xyb,s^b�hiv
m�p�p�b�vivifg�ctgbRs^`Phij�zce�` s^`cb¨hib�nczcp�b�n�j�hincb�h�v(zchil�m�p�b{��fgdcb,s^fgp�v ��É#ã�£c«���xyj�ncb�tgwL�{`Pfgp(`�`cm�v���b�b�d�ncb,oPb�tgj�r�b�n¯s^j
ncb�vip�hifg��bYs^`cb#ncb�p�j�xyr�j�vif s^fgj�d m�dcn�e�hiji�as^`y��fgdcb,s^fgp�v	j�l¦s^`cbufgd^oPj�t oPb�n j�hie�m�dPj�xyb,s^m�tgtgfgp�rch(b�p�zchivij�hiv�¾ Ç¦wMä�Á9�Å_�`cb
rchij�p�b�viv~j�lPfgncb�d^s^fgl��Bfgdce�s^`cb�viburPm�him�xyb,s^b�hiv~fgv|b,�Brctgm�fgdcb�n�fgdq£cb�p,s^fgj�dyÇ��´£cb�p,s^fgj�d�ÛRm�dcm�t ��ª�b�vBs^`cb#hib�vizct s^v~j�l�s^`Pb
rcm�him�xyb,s^b�hRfgncb�d^s^fg·cp�m�s^fgj�dcw|m�tgtgji�{fgdce©zcv	s^j b�v�s^m��Ptgfgvi`�m�dcnyoMm�tgfgncm�s^bqvizch(l�m�p�b{hib�m�p,s^fgj�d��AfgdPb,s^fgp�v�rcm�him�xyb,s^b�hiv(w
�{`cfgtgb²m�n6oMm�dcp�fgdce�j�zch�zcdPncb�hiv�s^m�dcnPfgdce�j�l�l�zPdcncm�xyb�d^s^m�t#p(`cb�xyfgv�s^h��ÂrPhijAp�b�v(vib�v�fgdÌs^`cfgdÎ·ctgx§e�hiji�as^`ºzcv(fgdce
j�hie�m�dcj�xyb,s^m�tgtgfgpqrchib�p�zPhivij�hivi� Þ b{·cdcfgvi`¨�{f s^`�j�zchap�j�dcp�tgzcnPfgdce�hib�xym�hi��vafgd³£Pb�p,s^fgj�d�Ü��

À



åYæRçRèBé¥ê�ë!ì�í´êAîBïKðPñòYê�ïKó[éôðcîYõôö¯êA÷^ó[ñ�ïK÷

øcù�ú�ûyù�üPý þ^ù�úiýgücÿ���ù�þ��¯þ����������
	���ü�����cú����������cúiù�����ú�þ^ý
������cúiýgücÿ����,þ���úiù����cý þ����Bý
��� �!�#"�$&%(',ü)%+*Úÿ�úiù-,aþ��
ù�ü/.cý
01*324.������5�6����ü²ýgü^þ���ÿ�ú���þ���ÌýgüKþ^ù�þ����������
�7����7����ûyý
�����8������û9���cý þ�����:;�<:���þ���ûÄþ�����þ{ý
�5���7����û=��þ^ý
�����
� :
���cù-,¨ü�ýgü�ø~ýgÿ��cú���>�?@';üA*3BDCFE 0Lþ��������Pú��G������ù��/þ�������������þ^ú���þ���ý
�!�H�1��ù�����¯þ^ù������
����������
�gý
��þ^ý
�I������ûI��ù��

J J J J J J J J J J J J J J J J J J JJ J J J J J J J J J J J J J J J J J JJ J J J J J J J J J J J J J J J J J JJ J J J J J J J J J J J J J J J J J JJ J J J J J J J J J J J J J J J J J JK K K K K K K K K K K K K K K K K K KK K K K K K K K K K K K K K K K K K KK K K K K K K K K K K K K K K K K K KK K K K K K K K K K K K K K K K K K KK K K K K K K K K K K K K K K K K K KL L L L L L L L LL L L L L L L L LM M M M M M M M MM M M M M M M M MN N N N N N N N NO O O O O O O O O

P P PP P PP P PP P PP P PQ Q QQ Q QQ Q QQ Q QQ Q QR R R
R R RR R RR R RR R RS S SS S SS S SS S SS S S T T TT T T
T T TT T TT T TU U UU U UU U UU U UU U U

V V VV V VV V VV V VV V VW W WW W WW W WW W WW W WX X XX X XX X XX X XX X XY Y YY Y YY Y YY Y YY Y YZ Z ZZ Z ZZ Z ZZ Z ZZ Z Z[ [ [[ [ [[ [ [[ [ [[ [ [\ \\ \] ]] ]
^ ^^ ^^ ^_ __ __ _

` `` `a aa a

Si-substrate

UHV Chamber

Mo-Heater

to bypass
chamber chamber

to bypass

TMI

TEGTBP

valve
3-way

øYýgÿ��Pú��!>�bD.��,þ����³ù��c*3BDCFEd�<:1��þ���ûe��ù�úD'7'�'gfihj��ù�ûI��ù��cü������û�ý
��ù�ü�����,þ^ù�ú�ÿ�úiù-,aþ���?
k CF*jl
m�Bon#p3q�r-* ptsvuv0 k E �wl �x��m�B4syp{zyr<|yu}0~��ü� k4� 'Il ',ücm�BDp3|)r<|yu{��þ�þ}:1�cý
�����
� :�������f7�����+�=B�þ^ù/������ù�ûI���gý
���
ü(�����
����þ^ýgù�ü���ü��ù�����úiÿ�úiù-,�þ��´ù���þ������iý
�gý
��ù�ü���:���ü����cý þ����Bý
��� �!��*3���!�("�$&%+',ü)%(*����gûI? øcù�ú!* 25.���ü���
������ú
�gýgÿ��KþD������þµþ���úiýgüPÿ�m��c��.�r-0�,t�3��ûI���gù�:x��f7��ù��
��úiý
������gýgÿ��KþD������ûI��,¨ý þ��D,��-�����
��ücÿ�þ��������������#�&�küPû���ü��������üPû
��þ�þv,Rù���ücÿ��
���kù��|ýgü���ý
���ü�����m�* 24����b� 5"¡�¢��>#�&�+�x��ü��* 24����bt 4"D�£���#�&�+��r-?¶ø��cú�þ�����ú�ýgü���ù�úiûI��þ^ýgù�ü�ù�üyþ����
�H������úiýgûI��ü^þ����¤��ù�ü�Pý þ^ýgù�ü���ý
�5�cúiù-�Bý
���³ýgü/�cú��H�Býgù����D�������gý
����þ^ýgù�ü��¥l �yu
f¦l §yu}?

E ���7�±ÿ�úiù-,aþ��±ú��cüÌý
����þ���ú�þ����,{ý þ������cú7����ù�ü�cý þ^ýgù�ücýgücÿ�����úiýgù��0¨,¥����ú7�aþ�������������þ^ú���þ���þ���ûI����ú���þ��cú7�¨ý
�
ú���ý
����©þ^ù¨þ�����ÿ�ú(ù-,aþ��©þ���û=�6��ú7��þ��cú�����ü�¯þ�����*32©�iýgÿ�ü����
�!�ª����ücÿ���������ù�ú�Pýgücÿqþ^ù¨þ����kþ���ûI����ú���þ��Pú����������ü)f
���ü��H:³ù���þ����4�7������þ^ú���þ��4cý
���
���,þ^úiý
�{�G�cü��,þ^ýgù�ü�?A«d�4�����~þ����5* 2¬�iýgÿ�ü����
��þ^ù¡����úiý
�:�ýgü��������ü����ü^þ|þ���ûI����ú���þ��cú7�
ûI�������cú���û=��üKþ��5��ü�®�����gý
�cú���þ���þ����!���,þ����������cú7�G�����#þ���û=�6��ú7��þ��cú���?�¯°��ù�ü���þ���üKþ�±cù-,âù��8*²���
�
��cý
�Pû³���cú(ý
����
p{s�m�>���������ûIrký
�kýgü^þ^úiù���������þ^ù{þ�����ÿ�úiù�,aþ����7����û¥����ú{��cúiýgücÿ�þ������cú�����ù�ü�cý þ^ýgù�üPýgücÿ���ü��ÿ�úiù�,aþ��A����úiýgù(���?
k ���������ª	Aÿ�ú(ù��cü�x�Pú��������cú7�|ý
��>��+´ q þ^ù�úiúc��ü�uþ������cú������7�cú��o��cú(ýgücÿuÿ�úiù-,�þ���ý
��ýgüaþ����¥ú���üPÿ��	ù��µ>��+´ | f7>��+´ n þ^ù�úiú7?

k ���©ÿ�úiù-,�þ��¶����·�����ü�������þ���ú�þ��kþv:��Pý
�����
� :�����þ���ú�>���������ù��4�cú�����ù�ü�cý þ^ýgù�ücýgücÿ�,{ý þ��¸�����;�H:����
���yù��{�!��*
ÿ�úiù-,aþ���þ^ù���ý
�ýgü/�
��þµþ^ý
���qûI��þ��ª����A�!�+"�$&%+',ü)%+*Âÿ�úiù-,�þ���ù�ü��=.cý}m�����>�r{��������þ^ú���þ���?©¯{��þ���ú	þ����x����Lù��(ý þ^ýgù�ü�ù��
�¥�!��*¸�
��:���ú�0Aþ����	þ^ú���ü��iý þ^ýgù�ü�þ^ù¥�x�+"�$&%+';ü)%�*�,t���ûI����kýgü�ù�ü��kù���þ��cú���� ,��-:1��? k ���4�cú���þ¥þ^ú���ü��iý þ^ýgù�ü¥,����3��ü
���cú����6þ��7����üPÿ��kþ^ù�þ����¥����(ýgú��� kD� 'Hb k E3�¹±Pù-,�ú���þ^ýgù�? k ���¨ù�þ�����ú�þ},�ù¨þ^ú���ü��iý þ^ýgù�ü��t��ú��qÿ�ú������º�ª����ücÿ�����0
cù�ü��=�gýgü�����ú�� :���ý þ�����úqûI��ü������
� :°ù�ú��cü����úx��ù�ûI���6þ���ú���ù�üKþ^ú(ù��
0D��ú(ù�û»� kD� 'Hb k E3�e±cù�, ú7��þ^ýgù�ù��D�yþ^ùyþ����
����iýgú���º±cù-,âú���þ^ýgù�m���f7>�r-? k �cý
�4±cù�,âú7��þ^ýgù ú����
��þ�����þ^ù�þ����x��ù�û=�Lù��(ý þ^ýgù�ü�0��10�ù��o�x�+"�$&%+';ü#%+*¼���5cý
�7�����������ýgü
.����,þ^ýgù�ü/��?

øYýgÿ��Pú��������cù�,¥�~þ����t* 2¢��ü�����c.��iýgÿ�ü����
�D��Púiýgücÿ����,þ���úiù����cý þ�����ý
���[ÿ�úiù-,�þ��³ù��c�x�+"�$&%+';ü)%(*°ù�ü�.cý}m�����>�r-?
¯5� þ���ú�ýgücý þ^ý
��þ^ýgüPÿ�ÿ�úiù�,aþ���0^þ����¥ûyýgüPýgûI�D��ü��û=����ýgûI��ù�������ú<����{ýgüuþ�����*32;�iýgÿ�ü����
����ú��3����Lþ^ù~þ����	ýgüKþ���ú�����ú���ü����
������ücù�ûI��ü��4���Fþ����~���gûÚÿ�ú(ù-,¥��?�½kù�þ��[þ�����þYþ�����û=����ýgûI�{��ü�¨ûyýgücýgûI��ù��6þ�����þ},�ù5�(ýgÿ�ü����
�²��ú��3��������� �7�cý
��þ����0
����|þ^ùaþ����4�����,þþ�����þRù�ü��4��ücÿ��
�kù��Býgü���ý
���ü�����m�* 25����rý
�~����ù-����0���ü��þ�����ù�þ�����ú�m�* 25����rF�6���gù�,ôþ����4��������cù�f
Cú7�H,¥��þ���ú���ücÿ��
�¯ù��Yþ���� ÿ�ú(ù-,{ýgücÿº���gûI?¾.�������úiýgûI��ù�����±ù�ü³þ���� ýgüKþ���ú7�G��ú���ü�������úiýgücÿ����¨ý
�¥�º�cü��=��þ^ú����,þ��cú7��0
,¥�cý
�7��ý
�4����þ^ù�þ���������úiýgù(Pý
�����
� :�û�ù(����
��þ���®��ù�ûI��ù��iý þ^ýgù�ü/��ü�qþ��cý
�7	�ü�������ù��cþ����!.�24�c?

øcù�ú|þ������7�cú���������ú������,þ^ýgù�ü�	�ýgü��,þ^ý
���5��ü���� :��(ý
�4��ü�¨þ����~�����gý
���þ^ýgù�üÌù��c����ú���ù�úiûI����iýgû����
��þ^ýgù�ü��5���iýgücÿkþ����

�



0

50

100

150

0

10

20

1000 2000 3000 4000 5000 6000 7000

P
R

 (
a.

u.
)

L
L

S

Time (s)

Substrate
Conditioning GaP Ga1-xInxP Heterostructure GaP

PR_70

PR_75

LLS

¿8À
Á�Â�Ã�Ä4Å�Æ¡ÇºÈ�É�À Ê�È�Ã�À
É�Á¥È�Ë1Ì�ÄHÊ�Ä�Ã�È�Ä�Í�À Ê�Î�Ï1À
Î�Ð6ÑxÎ+Ò�Ó&Ô+ÕvÉ)Ô�Ö�Á�Ã7È-×DÊ�Ì�Â�É�Ø�Ä�Ã Ö ÙDÚFÛ�Ü�Ý®Ö3Þ4ß=Î�É�Ø=à�àcß�á�âDÌ�ÄDÀ
É�ã7ÄHÊ
Ä�É�Ð
Î�Ã�Á�Ä�äIÄ�É�Êºã�Ì�È-×¥ã!Ê�Ì�Ä�Ö ÞåÃ�Ä�ã�Í�È�É�ã�Ä¥Ê�È�Î�Í�Ä�Ã�À
È(Ø�À
æ�Î�Ð
Ð Ýçä=È(Ø�Â�Ð
Î�Ê�Ä�Ø¶ß�Þ4à�æ�È�äIÍ�È�ã�À Ê�À
È�É�Î�É�ØAÊ�Ì�À
æ7è�É�Ä�ã�ã
Ø�Â�Ã�À
É�Á�Í�Â�Ð
ã�Ä�Ø®Í�Ã�Ä�æ�Â�Ã�ã�È�Ã¡ã�Â�Í�Í�Ð Ý+á

Þ~éxß�ê»äIÈ�Ø�Ä�ÐDÍ�Ã�Ä�ã�Ä�É�Ê�Ä�ØdÀ
Édß�Ä�æHÊ�À
È�É�ë�ì3×�Ä�í�Î�Ã�À
Ä�ØdÈ�É�Ä/ÄHÏ�Í�Ä�Ã�À
äIÄ�É�Ê�Î�Ð4Í�Î�Ã�Î�äIÄHÊ�Ä�Ã�ì~Ê�Ì�Ä/âDÇ�Õ�î�È�×wÃ�Î�Ê�Ä�á
Û Î�æ7Ì;Á�Ã�È-×DÊ�Ì;æ�È�É�Ø�À Ê�À
È�É�×�Î�ã!ã�ÄHÊ�Ê�È¥Ê�Ì�Ä�ã�Í�Ä�æ�À
ï�Ä�ØAâDÇºÕvÆ
â4Û Ñ9î�È�×³Ã�Î�Ê�À
È®Î�É�ØAäIÈ�É�À Ê�È�Ã7Ä�Ø�ËGÈ�Ã�Î�Ê=Ð
Ä�Î�ã<Ê�ð Òñ
À
É�Ê�Ä�Ã�Ë�Ä�Ã�Ä�É�æ�Ä�È�ã�æ�À
Ð
Ð
Î�Ê�À
È�É�ã�À
É�È�Ã�Ø�Ä�Ã Ê�È=Á�ÄHÊ�ã<Ê�Î�Ü�Ð
Ä¥ã<Ê�Ä�Î�Ø)Ý�ò7ã<Ê�Î�Ê�Ä�Á�Ã�È-×DÊ�ÌºÎ�É�Ø�Á�Î�Ê�Ì�Ä�Ãtã�Â�óIæ�À
Ä�É�Ê�À
É�Ë�È�Ã�äIÎ�Ê�À
È�É
Ê�ÈIÎ�É�Î�Ð Ý1ô�ÄxÎ�É�Ø®ã7À
ä¥Â�Ð
Î�Ê�ÄDÊ�Ì�Ä�Á�Ã�È�×DÊ�Ì/Í�Ã7È(æ�Ä�ã�ã7á

âDÌ�ÄDæ�È�Ã�Ã7Ä�Ð
Î�Ê�À
È�É�È�Ë�Ê�Ì�ÄDï�É�Ä4ã<Ê�Ã�Â�æHÊ�Â�Ã7ÄDÄHí�È�Ð
Â)Ê�À
È�É�×¥À Ê�Ì!Ê�Ì�Ä4Í�Â�Ð
ã�À
É�Á!ã�Ä�õ�Â�Ä�É�æ�Ä5È�Ë(Ê�Ì�Ä4Í�Ã7Ä�æ�Â�Ã�ã�È�Ã3ã�Â�Í�Í�Ð Ý
À
ã3Ø�Ä�Í�À
æHÊ�Ä�Ø=À
É=¿²À
Á�Â�Ã7Ä4ë�á¶ÕHÉI¿²À
Á�Â�Ã�Ä5ë�ì�Ê�Ì�Ä5Ö Þ¬Ã�Ä�ã�Í�È�É�ã�Ä¡À
ã¤Ê�Î�è�Ä�É�Ø�Â�Ã�À
É�Á�ã<Ê�Ä�Î�Ø�Ý(ò7ã<Ê�Î�Ê�Ä{Á�Ã�È�×DÊ�Ì�È�É�Î!Ã�À
ã�À
É�Á
î�Î�É�èºÈ�Ë~Î�É;À
É�Ê�Ä�Ã�Ë�Ä�Ã�Ä�É�æ�Ä=È�ã�æ�À
Ð
Ð
Î�Ê�À
È�É�Â�ã�À
É�Á�Î®Í�Â�Ð
ã�Ä�æHÝ1æ�Ð
Ä=ã�Ä�õ�Â�Ä�É�æ�Ä�È�ËFö®ã�ì3Î�âDÚFÖ¢Í�Â�Ð
ã�Ä�Ë�Ã�È�äø÷�á
÷�ò7÷�á
ù�ã
Î�É�Ø�ë�á
÷�ò7ë�á
ù/ã�ìoÎ�âDÛ3Ñ9Í�Â�Ð
ã�Ä�Ë�Ã�È�äúð�á
û�ò7ð�á
ù/ã�ìoÎ�â4Ç�Õ5Í�Â�Ð
ã�Ä�ËGÃ7È�äøü�á
û�ò7ü�á
ù®ã�ì�Î�É�ØAÎ�æ�È�É�Ê�À
É(Â�È�Â�ã�Ì�Ý1Ø�Ã�È�Á�Ä�É
î�È-×eØ�Â�Ã�À
É�ÁxÊ�Ì�Ä�æ�È�äIÍ�Ð
ÄHÊ�Ä=ã�Ä�õ(Â�Ä�É�æ�Ä�áýÕHÉ�Ê�Ì�À
ã!ã7ÄHÊ=È�Ë ÄHÏ1Í6Ä�Ã7À
äIÄ�É�Ê�ã7ì�Ê�Ì�Ä�î�È�×eÃ�Î�Ê�Ä�ã!Î�É�Ø�Í�Â�Ð
ã�Ä�Ø�Â�Ã�Î�Ê�À
È�É�ã
È�ËDâDÚFÖ³þ�ð�á
÷�ã�æ�æ�ä@ËGÈ�Ã�ù�÷�÷AäIã�ÿ�Î�É�Ø�âDÛ Ñ þ�÷�á
÷�û�ü�ã�æ�æ�ä@Ë�È�Ã�ë�÷�÷ºä=ã�ÿD×�Ä�Ã�Ä�è�Ä�Í)Ê�æ�È�É�ã<Ê�Î�É�Ê�ì4Î�ã5×�Î�ã4Ê�Ì�Ä
Í�Â�Ð
ã�Ä�Ø�Â�Ã�Î�Ê�À
È�É�È�Ë¡âDÇ�ÕIþ�ë�÷�÷AäIã�ÿ-á âDÌ�ÄIî�È�×úÃ7Î�Ê�Ä=Ë�È�Ã¥âDÇºÕ3×tÎ�ã4í�Î�Ã�À
Ä�Ø�Ë�Ã�È�äý÷�á
÷�ð�ü=Ê�Èº÷�á
÷�ö�ùºã�æ�æ�äeÊ�È
Í�Ã�È�Ø�Â�æ�Ä�Ê�Ì�Ä�Ø�Ä�ã7À
Ã�Ä�Ø�â4Ç�ÕHÆ
âDÛ Ñåî�È�×øÃ7Î�Ê�À
È�ã�Î�É�Ø�æ�È�ä=Í6È�ã7À Ê�À
È�É�ã�ì8Ï1ì~È�Ë4Ñ!Î+Ò�Ó&Ô+ÕHÉ�Ô+Ö á � ã5Ê�Ì�Ä=â4Ç�ÕHÆ
âDÛ Ñ
î�È-×³Ã�Î�Ê�À
È�À
É�æ�Ã�Ä�Î�ã�Ä�ã�ì6Ê�Ì�Ä�äIÎ�Á�É�À Ê�Â�Ø�Ä�È�Ë1Ê�Ì�Ä�ï�É�Ä�ã<Ê�Ã�Â�æHÊ�Â�Ã�Ä�À
É�æ�Ã�Ä�Î�ã�Ä�ã�Î�æ�æ�È�Ã�Ø�À
É�Á�Ê�È�Î�Ð
Î�Ã7Á�Ä�Ã�õ(Â�Î�É�Ê�À Ê}Ý¸È�Ë
âDÇ�ÕFæ�È�É�ãiÊ�À Ê�Â�Ä�É�Ê�ã5À
É�Ê�Ì�Ä�ß�Þ4à�á;âDÌ�Ä�Ã�Ä�ã�Â�Ð Ê�ãDÎ�Ã�Ä!Ø�À
ã7æ�Â�ã�ã�Ä�Ø®À
É/äIÈ�Ã�Ä!Ø�ÄHÊ�Î�À
Ð�À
É/ß�Ä�æHÊ�À
È�É�û�ìµ×¥Ì�À
æªÌ/À
É�æ�Ð
Â�Ø�Ä�ã
æ�È�äIÍ�Î�Ã�À
ã�È�É�ão×¥À Ê�Ì�Ê�Ì�Ä�Ã�Ä�ã�Â�Ð Ê�ã5È�Ëcã�À
ä�Â�Ð
Î�Ê�À
È�É�ã7á

ü



18

19

20

21

22

22

23

23

24

0 6 12 18 24 30 36

Time  (s)

TEG

TBP

TMI

TMI:TEG
0.75

TMI:TEG
1.0

P
R

 R
es

po
ns

e 
 (

a.
u.

) 
 

pr
ec

ur
so

r 
se

qu
en

ce
 / 

fl
ux

TMI:TEG
0.5

TMI:TEG
1.25

TEG

TBP

TMI

TMI:TEG
0.25

�������
	���������������
��	��������������! #"�$%	������&���'�(�*)+�,�&��	����.-'������/�/ 01���.-'�'/��2)+��-4365��&7
368:9;7
���'-�36<>=*�'	������'	��(��	
�'�'/������?�@��	?-'��AB��	(���C)�36<1=D��368:9FE'��GH	��2)+�����JILK�M�N�$2O
K�M�$2O
K�M�"�$2O
PQM�KRO
P�MSN�$QT!�2)�)+U'�V	����(���'�6E'���'WX���Y���Z���C)+��	��L��	����'���
��������/�/��2)+�����'M

[�\X]_^�`�acbedef?gh^
i�j;k�lmk�a.nCo?bepCn

3?�Z���c-
��/q)+U'�#����)+������/
	������&���'�(����7�)+U'�#��	��rGZ���
�,U'�D)+��	��.���'� )+�2s�����/Bt
/��u���!���
�'	��rs������2)+��-�vC0w�,�@���'	:/��r0
��	
���c-
��/x�����'�����e)+���
�4���L�yILP�Tz���%v'�����C)�O{ILN�T����'	��L�����;	������D)+�����|/��r0
��	�IL}' �~�T*O�IL�T#t'/���O�IL��Tz���'v'�e)+	(�2)+��MF�F�
�����'����-'��	4U'��	���9;�c�L���c=��q�.�u���F��}'����9;�����&��	�)+�'��/6���'v
�e)+	��2)+��M 36U'���������'/��Ds�	(��E'���D)+� �&� )�0����.�����������C)|�@��	
��� �&��/���	�������-w���'����-
���C)Z/�����U+)+7���� �
���1���L���'	 � /��r0
��	z�e)+����Wc7?���6��� �
���wv+0�)+U'���@��	(�Z�'/��

�+��� � �r� ILP6� � �L� � �r�Q ¢¡ �e£�¤C¥ Tx�¦I � �L� � � �r�§ ¢¡ �e£�¤C¥ T  ¢¡ �e£�¤C¨
ILP#� � �L� � �r�   ¡ �e£�¤C¥ T�� � �r�QI � �L�6� � �r�   ¡ �e£�¤C¥ T   ¡ �e£�¤C¨&© ILP�T

GZU'��	��ª)+U'�,�'	������'��/����c�����������+)+� �+«�¬«�® �r¯ Ie° � P © N © �Tz�L��	6�����(U1���C)+��	��L�����,��	(�;��� �
���1v+0

� «�¬«�® �r¯ �²± «q® � ± «z³ ± ��´�µ·¶
��¸ � ³ ± « ± «�® � ³ ± ��´(µ¹¶

��¸ �
± «q® � ± «z³ ± � ´�µ·¶

� ¸ � � ± « ± «�® � ³ ± � ´(µ¹¶
� ¸ � © ILN�T

���'-º)+U'�;�
U'���������'��/����!» « �L��	*)+U'�,}' #~HIe° � N�T6���'-º)+U
�;��	��rG%���'��t'/��¼���
��/��r0
��	½Ie° � �T6��	������ �
���>v+0

» « � NR¾
¿ÁÀ « ± «X³ ± �R´(µ¹¶

�2¸ �RÂ IL�T

$



Ã�Ä4Å�ÆcÇ'È2É+Ê�Ë�Ä
ÌzÍLÎ�ÏLÐ¢ÍLÑ�ÏrÒ.É+Ó'Å6Ô(Å�Õ'Å�ÖDÉ+Ê ×&Ê É�Ø1Ö�Ë.Å�Ù�Ö�Ê�Å�ÄCÉ�Ú+Û;Ê�Ì:È;ÜLÇ'Ä'ÖDÉ+Ê�Ë�ÄÝË�Ü�ÞcßJÈ�Ä'à4ÞCá4ÍâÉ+Ó'ÅãÉ+Ó
Ê�Ö(ä.Ä'Å�Ì�ÌªË�Ü§É+Ó
Å6å'æ#ç
È�Ä'à�è'é�êëÔ�Å�Ì(ìíÅ�ÖDÉ+Ê ×
Å�é Ø�ÏrÒ*î(ï2Òxî(ßRÒxî¹áqÒ�È�Ä'à�î�ð1ÍâÉ+Ó'Å�Ö�Ë�êÝì'é�ÅDñòà'Ê�Å�é�Å�ÖDÉ+Ô�Ê�Ö,ÜLÇ'Ä'ÖDÉ+Ê�Ë�Ä
Ì6Ë�Ü'É+Ó
Å�È�êZó'Ê�Å�Ä+É+Ò�å
æ#ç�Ò�è
é�ê�Ò
È�Ä'à�Ì�Ç'ó
ÌeÉ+Ô�È2É+Å�Ô�Å�Ì�ì&Å�ÖDÉ+Ê ×
Å�é Ø�ÏrÒBô#ï�ÍâÉ+Ó'Å#È�Ä'õ�é�Å6Ë�ÜíÊ�Ä'Ö�Ê�à'Å�Ä'Ö�Å�ÏrÒBÈ�Ä'à�ö>ÍâÉ+Ó
Å*÷XÈ�×
Å�é�Å�Ä'õ2É+Ó�Ë�ÜQÉ+Ó'ÅJÊ�êÝì'Ê�Ä'õ�Ê�Ä'õ�é�È�Ì�Å�Ô
é�Ê�õ�ÓCÉ+Ïrø¦ù'Ë�Ô#È�à
à'Ê É+Ê�Ë�Ä'È�éxÊ�Ä'ÜLË�Ô�ê�È2É+Ê�Ë�Ä
Òú÷XÅ,Ô�Å�Ü@Å�ÔãÉ+Ó'Å;Ô�Å�È�à'Å�ÔãÉ+Ë1û üRý·ø

þ Ó'Å�×úÈ�é�Ç
Å�Ì�Ë�Üªî�ï�ÒVî¹á�Ò!î�ð�Òãô#ï2ÒãÈ�Ä'àòö�È�Ô�ÅºÈ�é�éãÖ�Ë�Ä'ÌeÉ+È�Ä+É4Ê�Ä4É+Ê�ê�Å�ÒVó'ÇqÉÝî�ß�ÒVÞcßRÒãÈ�Ä'àòÞ�áZ×YÈ�ÔeØhÊ�Ä�É+Ê�ê�Å½È�Ì
É+Ó'ÅXè'é�êyõ�Ô�Ër÷ZÌJÈ�Ä
à,É+Ó
Åzå
æ#çÿÖ(Ó
È�Ä'õ�Å�ÌJÊ�Ä�Ö�Ë�ê�ì&Ë�Ì�Ê É+Ê�Ë�Ä�È�Ä'àZÉ+Ó'Ê�Ö�äcÄ'Å�Ì(Ì�ø þ ËºÇ'Ä'à
Å�Ô�ÌeÉ+È�Ä'à�Ó'Ër÷�É+Ó
Å�Ì�Å:×úÈ�é�Ç'Å�Ì
Ö(Ó'È�Ä'õ�Å�Ò:÷�Å�Ä'Å�Å�à�ÈÿÔ(Å�ì'Ô�Å�Ì�Å�Ä+É+È2É+Ê ×
Å1êÝËcà'Å�éJË�Ü!É+Ó'Å�Ö�Ó'Å�ê�Ê�Ö�È�é#ä.Ê�Ä'ÅDÉ+Ê�Ö�Ì4Ë�Ü!É+Ó
Å�å'æ#ç�÷%Ó'Ê�Ö(Ó�È�ì
ì'Ô�Ërñ�Ê�ê�È2É+Å�Ì
É+Ó'ÅÝì+Ø&Ô(Ë�é Ø&Ì�Ê�ÌºË�Ü�É+Ó'Å4Ì�Ë�Ç'Ô�Ö�Å;×úÈ�ì&Ë�ÔZê�Ë�é�Å�Ö�Ç'é�Å�ÌºÈ�Ìºà'Å�Ì�Ö�Ô�Ê�ó&Å�à�ì
Ô�ÅD×&Ê�Ë�Ç
Ì�é Ø�û Î��QÒ:Î�Î�ÒªÎ��2ý·ø ù'Ë�Ô þ���� Ò þ��	� Ò
È�Ä'à þ�
 Ã6È�ÌXÌ�Ë�Ç
Ô�Ö�Å6×YÈ�ì&Ë�Ô�ÌzÜ@Ë�Ô�êÝÊ�Ä'õ � Ècï���cÃ�Ä�� � Ò
÷XÅ%Å�ê�ì'é�Ë�ØhÈ�Ô�Å�à'Ç'Ö�Å�à>Ë�Ô�à'Å�ÔzÌ�Ç'Ô�ÜLÈ�Ö�Å%äcÊ�Ä'ÅDÉ+Ê�Ö�Ì�ÍLæ��;å��,Ï
ê�Ëcà
Å�é:û ��Ò��2ý·ø þ Ó
Å�æ��,å���ê�Ë.à'Å�é�ê�È�ä�Å�ÌVÉ+Ó'Å;ÜLË�é�é�Ër÷ZÊ�Ä'õ4Ì�Ê�ê�ì'é�Ê�ÜâØ�Ê�Ä'õ½È�Ì�Ì�Ç'êÝìqÉ+Ê�Ë�Ä'Ì��

� þ���� ìCØ�Ô�Ë�é Ø�Ì�Ê�Ì6Ê�Ì#È�ì
ì'Ô�Ërñ�Ê�ê�È2É+Å�à�É+Ó'Ô�Ë�Ç'õ�Ó�Ë�Ä'Å,à'Ë�ê�Ê�Ä'È�Ä+ÉZÔ�Å�È�ÖDÉ+Ê�Ë�Ä1Å�ÆcÇ'È2É+Ê�Ë�Ä
ø
� þ���� à'Å�Ö�Ë�ê�ì&Ë�Ì�Ê É+Ê�Ë�Ä1Ê�Ì6Ì�Ê�ê�ì
é�Ê�è'Å�àºÉ+ËXÉ�÷XË4à'Ë�ê�Ê�Ä'È�Ä+É,Ô�Å�È�ÖDÉ+Ê�Ë�Ä>Å�ÆcÇ'È2É+Ê�Ë�Ä
Ì�ø
� þ Ó
ÅzÜLË�Ô�ê�È2É+Ê�Ë�Ä1Ë�Ü � È � Ê�Ì#Ö�Ë�êZó'Ê�Ä
Å�àwÊ�Ä+É+Ë�Ë�Ä'Å;à'Ë�êÝÊ�Ä'È�ÄCÉ,Ô(Å�È�ÖDÉ+Ê�Ë�Ä1Å�Æ.Ç'È2É+Ê�Ë�Ä'ø
� þ�
 Ãªà'Å�Ö�Ë�ê�ì&Ë�Ì�Ê É+Ê�Ë�ÄwÊ�Ì#Ì�Ê�ê�ì'é�Ê�è'Å�à½É+ËXÉ·÷�ËÝà'Ë�êÝÊ�Ä'È�ÄCÉ,Ô(Å�È�ÖDÉ+Ê�Ë�Ä1Å�Æ.Ç'È2É+Ê�Ë�Ä'Ì�ø
� þ Ó
ÅzÜLË�Ô�ê�È2É+Ê�Ë�Ä1Ë�Ü*Ã�Ä � Ê�Ì#Ö�Ë�ê%ó'Ê�Ä'Å�à�Ê�Ä+É+ËÝË�Ä'Å�à
Ë�ê�Ê�Ä'È�Ä+ÉZÔ�Å�È�ÖDÉ+Ê�Ë�Ä>Å�ÆcÇ'È2É+Ê�Ë�Ä
ø
� þ Ó
Åzì
Ô�ËcÖ�Å�Ì(Ì6Ê�Ì#à'Ô(Ê ×
Å�Ä�óCØÿÈ�ì&Å�Ô�Ê�Ë.à'Ê�Ö�Ì�Ë�Ç'Ô(Ö�Åª×úÈ�ì&Ë�Ô6Ì�Ç
ì'ì'é Ø>È�Ì#à'Å�Ì�Ö�Ô�Ê�ó&Å�à�Ê�Ä�å
Å�ÖDÉ+Ê�Ë�Ä���ø
þ ÓcÇ
Ì;É+Ó'Å1äcÊ�Ä
ÅDÉ+Ê�Ö>êÝËcà'Å�é�Ô�Å�ì'Ô�Å�Ì(Å�ÄCÉ+Ê�Ä'õwÉ+Ó'Å>å'æ#ç_Ô�Å�È�ÖDÉ+Ê�Ë�Ä
Ì�Ö�È�ÄHó&ÅwÔ(Å�ì'Ô�Å�Ì�Å�Ä+É+Å�àHóCØ{É+Ó'Å>ÜLË�é�é�Ër÷ZÊ�Ä'õ

ÌeØ&Ì�É+Å�ê²Ë�Ü�Ë�Ô�à'Ê�Ä'È�ÔeØÿà'Ê��íÅ�Ô�Å�Ä+É+Ê�È�é�Å�Æ.Ç'È2É+Ê�Ë�Ä'Ì��
Þ
Þ �"! ï Í#�2Ï%$ & ï Í#�2Ï�')( ï ! ï Í#�2Ï*'+(-,/.10 ! ï Í#�2Ï ! á Í#�RÏ

Î
Î��-243§ê�Ë�é '+(65�780 ! ï Í#�RÏ !:9 Í#�RÏ

Î
Î��-243§ê�Ë�é Í��Ï

Þ
Þ � ! ß Í#�2Ï%$ & ß Í#�2Ï�')( ;8<�= , ! ß Í#�RÏ>'+( ß ! ß Í#�2Ï Í?�Ï
Þ
Þ � ! á Í#�2Ï%$ ( ß ! ß Í#�2Ï*'+( á ! á Í#�RÏ�'+(-,/.10 ! ï Í#�2Ï ! á Í#�RÏ

Î
Î�� 243 ê�Ë�é Í@�Ï

Þ
Þ �"! ð
Í#�2Ï%$ ( ,/.10 ! ï�Í#�2Ï ! á
Í#�RÏ

Î
Î��-243§ê�Ë�é ÍA�Ï

Þ
Þ �"!	B Í#�2Ï%$ &úá
Í#�2Ï�')( ;8<*C 5 !	B Í#�2Ï*'+( BD!	B Í#�2Ï Í��Ï
Þ
Þ �"! 9 Í#�2Ï%$ ( BD!	B Í#�2Ï*'+( 9 ! 9 Í#�RÏ�'+( 5�780 ! ïqÍ#�RÏ ! 9 Í#�RÏ

Î
Î��-243§ê�Ë�é ÍLü�Ï

Þ
Þ � !	E Í#�2Ï%$ ( 5�780 ! ïqÍ#�RÏ ! 9 Í#�2Ï

Î
Î�� 243 ê�Ë�é ÍLÎ���Ï

þ Ó'Å�Ç'Ä'Ê É+Ì½Ë�ÜXÅ�È�Ö�ÓÿÉ+Å�Ô�ê Ë�Ü!É+Ó'Å�Ì�ÅwÅ�ÆcÇ'È2É+Ê�Ë�Ä
ÌÝÊ�Ì�ê�Ë�é�F�Ì(ø þ Ó'Å�Ô�Å�È�ÖDÉ+Ê�Ë�Ä Ö�Ë�Ä'ÌeÉ+È�Ä+É+Ì�ÒG(6H Ò�Ó
Èr×
Å�Ç'Ä
Ê É+Ì
Ë�ÜãÌ 2 ï Òú÷ZÓ'Ê�é�Å6É+Ó'Å;ê�Ë�é�È�ÔzÆcÇ
È�ÄCÉ+Ê É+Ê�Å�Ì�Ò ! H·Ò?Ó'Èr×
ÅZÇ'Ä'Ê É+Ì�Ë�Ü�êÝË�é�ø þ Ó'Å;ÌeÉ+È2É+Å6×úÈ�Ô(Ê�È�ó'é�Å�Ì�Ô(Å�ì'Ô�Å�Ì�Å�Ä+É6É+Ó'ÅZÄcÇ'ê%ó&Å�Ô
Ë�Ü�êÝË�é�Å�Ì6Ë�ÜBÉ+Ó'Åª×úÈ�Ô(Ê�Ë�Ç'Ì6Ö�Ë�ê�ì&Ë�Ä'Å�Ä+É+Ì#Ë�Ü
É+Ó'Å�å'æ�ç�Ò�Ì�Ç'Ö�Ó�È�Ì ! ïzÜLË�Ô6È�ÖDÉ+Ê ×
Å,Ì�Ç
Ô�Ü@È�Ö�Å,ì'Ó'Ë�Ì�ì'Ó
Ë�Ô�Ç'ÌªÜ@Ô�È�õ�êÝÅ�ÄCÉ+Ì�øþ Ó'ÅÝÊ�Ä+É+Å�Ô�ê�Å�à
Ê�È2É+Å�õ�È�é�é�Ê�Ç
ê ì
Ô�Å�Ö�Ç'Ô�Ì�Ë�ÔZÜ@Ô(È�õ�ê�Å�ÄCÉ+ÌºÊ�ÄwÉ+Ó'Å þ��	� à'Å�Ö�Ë�ê�ì&Ë�Ì�Ê É+Ê�Ë�Ä'ÒJì&Ë�Ì�Ì�Ê�ó
é ØFà'Ê�ÅDÉ+ÓCØ�é�õ�È�é�é�Ê�Ç'ê
ÍI ��� ÏrÒ!È�Ô(Å�Ô�Å�ì'Ô�Å�Ì(Å�ÄCÉ+Å�àòó+Ø ! ßZÈ�Ä
à�É+Ó'Å�È�ÖDÉ+Ê ×
ÅÝõ�È�é�é�Ê�Ç
ê ÜLÔ�È�õ�ê�Å�Ä+É+Ì,È�Ô�Å½Ô�Å�ì
Ô�Å�Ì�Å�Ä+É+Å�àòóCØ ! á�ø å'Ê�ê�Ê�é�È�Ô�é Ø§Ò
É+Ó'Å�Ê�Ä+É+Å�Ô�ê�Å�à
Ê�È2É+Å�Ê�Ä'à'Ê�Ç'ê ì'Ô�Å�Ö�Ç'Ô(Ì�Ë�Ô!ÜLÔ�È�õ�ê�Å�Ä+É+ÌJÈ�Ä'à,É+Ó'Å�È�ÖDÉ+Ê ×
Å�Ê�Ä
à'Ê�Ç'ê Ü@Ô�È�õ�êÝÅ�ÄCÉ+Ì�È�Ô�ÅXÔ�Å�ì'Ô(Å�Ì�Å�ÄCÉ+Å�à�ó+Ø !	BÈ�Ä'à ! 9 Ô�Å�Ì�ì&Å�ÖDÉ+Ê ×
Å�é Ø§ø¼ÃDÄwÅ�Æ.Ç'È2É+Ê�Ë�ÄFÍ��ÏrÒBÉ+Ó'Å%Ö(Ó'È�Ä'õ�Å%Ê�Ä>È�ÖDÉ+Ê ×
Å½Ì�Ç'Ô�ÜLÈ�Ö�ÅZì
Ó'Ë�Ì�ì'Ó'Ë�Ô(Ç'Ì6ÜLÔ�È�õ�ê�Å�Ä+É+ÌzÊ�Ì!÷ZÔ�Ê ÉrÉ+Å�Ä
È�Ì!É+Ó
ÅZÌ�Ç
ê²Ë�ÜVÈ�Ì�Ë�Ç'Ô�Ö�Å6É+Å�Ô�êJ&xï2Ò?È�à'Å�Ì�Ë�Ô(ìqÉ+Ê�Ë�Ä1é�Ë�Ì(Ì!É+Å�Ô(êK'L(§ï ! ï2Ò?È�Ä'à>Ô�Å�È�ÖDÉ+Ê�Ë�Ä�É+Å�Ô�êÝÌ�Ô�Å�ì
Ô�Å�Ì�Å�Ä+É+Ê�Ä'õ;É+Ó
Å

@



MON�P�QSRUTWV�N�XYN�M�Z[R�\]R�X�^`_aX�\cb]d	e/f�RUTWV�N�Xhgi�j1kmlon�V�pqnrPts u�P�s v�s XWTWv�TWnwsx^�s MP�R�y�Qzs XWTWRUTWV�N�X{u�P�N/p s v�v|N�M~}�d	ZLk
p N�X6TWR�V�X�v�R�v�N�f�P�p s�TWs P�Q��>�qk�RG^ws v�N�P�u�TWV�N�X���N�v�v�TWs PtQzk�R�X�^�R�TWs P�Q]N�M�^�s p N�QzucN�v�V TWV�N�XzMP�N�Q�TWn�s~V�XWTWs P�Qzs ^�V�RUTWs
y�R�����V�f�Q�u�P�s p f�Ptv�N�PoMP�R�y�Qzs XWTWv�TWN�R�paTWV �ws�vtf�P�MR�p sxy�R�����V�f�Q�MP�R�y�Qzs XWTWv�b d�e4fwRUTWV�N�Xhg��j1k�lon�V�ptnYP�s u�Pts v�s X6TWv
TWn�s�ptn�R�Xwy�sSR�paTWV �wsSvtf�P�MR�p s�y�R�����V�f�Q�MP�R�y�Qzs XWTWv�k	nwR�vGR�TWs P�Q�N�M�p P�s RUTWV�N�X`MP�N�Q�TWnws�V�X6TWs P�QSs ^�V�RUTWszy�R�����V�f�Q
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lon�V�ptn�^ws v�p P�V��cs v*TWn�s�^�s MOPtR�y�Qzs X6TWRUTWV�N�X�N�M>}���_Dkcp N�XWTWR�V�X�v�R�v�N�f�Ptp s	TWs PtQ�����k�R�^�s vtN�P�u�TWV�N�X���N�v�v�TWs P�Qzk:R�Xw^
R�TWs PtQ�N�M>^�s p N�QzucN�v�V TWV�N�X�MP�N�Q�TWn�s�V�XWTWs P�Qzs ^�V�RUTWsGV�Xw^�V�f�Q u�P�s p f�P�vtN�P�MP�R�y�Qzs XWTWv�TWN�R�paTWV �ws[v�fwP�MOR�p s�V�X�^wV�f�Q
MOP�R�y�QSs X6TWv�b d	e/f�RUTWV�N�X¡g¢�j1kml|n�V�ptn£P�s u�Pts v�s X6TWv�TWn�s¤ptnwR�X�y�s�V�X£R�paTWV �ws�v�f�P�MR�p sxV�Xw^�V�f�Q¥MOP�R�y�QSs X6TWv�k�n�R�v�R
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Z[R�\�R�Xw^¨_DXw\�k:Pts v�ucs paTWV �ws � -k>V�XWTWs y�P�RUTWs ^�V�X�TWn�s[^�s ucN�v�V TWs ^¨ZLR-®¯±°-_DX�°/\)²���Q³��R1ws P�b�d	e/f�RUTWV�N�XYg´�j�p N�XWTWR�V�X�v
N�X�� ¨R[v�V�X�y���s�Pts R�paTWV�N�X[TWs P�QµMON�P:TWn�s�MN�P�QzRUTWV�N�XSN�McZ[R�\YMP�N�Q�R�paTWV �ws�v�f�P�MR�p s~Z[R[R�X�^S\�kwR�X�^zs e/f�RUTWV�N�X¶g·�¸�j
p N�X6TWR�V�X�voN�X�� YR�vtV�X�y���s�P�s R�paTWV�N�X�TWs P�Q�MON�P�TWn�s�MN�P�QzRUTWV�N�X¹N�M�_DXw\ºMOPtN�QJR�paTWV �wszv�f�P�MR�p s�_DX�R�Xw^�\�b»}�n�s vts
T¼lGNSs e/f�RUTWV�N�X�v�R���vtNzR�p p N�f�XWT|MN�P�R�X6¹v�fwP�MOR�p sGR�paTWV ��RUTWV�N�X¶u�P�N/p s v�v�s v�b

}�n�sGv�N�f�Ptp s�TWs P�Qzv�V�X�TWn�sG^�V�½�s P�s X6TWV�R��*s e4fwRUTWV�N�X�v�R�P�sL��R�v�s ^¨N�X�TWnwsGv�N�f�P�p s���R�ucN�P�u�f���vts v�bh}�n�s v�sGR�Pts
QzN4^ws ��s ^¨v�V�QzV���R�P�� �TWN[TWn�sGZ[R�\»p R�v�sx¾ ·�¿ À¼k/l|V TWn�TWn�sG}�Á�\�v�N�f�P�p s[y�V �ws X��6¤TWn�s[saÂ:u�P�s vtv�V�N�X
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lon�s P�s Å ® g#Ã8j�V�v	TWn�s|v�N�f�P�p s��ÎR�ucN�P�V�X�Ï1s paTWV�N�X�PtRUTWs k Ì É*Ê"Ë V�v�TWn�sLQSN���R�P	�wN���fwQzsoN�M	}�Á�\�k�R�X�^zTWn�sop N�XwvÇTWR�X6T
È É*Ê"Ë V�v[TWnws�vÇTWV�pqÐ4V�X�yYp N/s Ñzp V�s X6T�N�MG}�Á�\cbÒ}�n�s¨y�s N�QzsaTWP�V�p R���u�R�PtR�QzsaTWs PLÆ]P�s uwP�s v�s XWTWvGTWn�s�R�QzN�f�XWT�N�M
v�N�f�P�p s���R�u�N�Ptv�TWn�RUTGR�paTWf�R���� �n�V T�TWn�s�vtf�P�MR�p s�N�MÎTWnws	lGR�Ms P�k4lon�V�ptn�V�v�R|p N�X�vÇTWR�XWT���R���f�s�MN�P�R|y�V �ws X�P�s R�paTWN�P
y�s N�QzsaTWPÇ-b�Ó�V�QzV���R�P�� -kÎTWnws[v�s p N�X�^¨R�Xw^�TWn�V�P�^¨vtN�f�P�p s�TWs P�Qzv�R�P�sGQzN/^�s ��s ^¨�W

����g#ÃUjÔÄ Å � g#Ã8jÇÆwÈwÉ�ÕcÖÌ É�ÕcÖ Í g·�×�j

� � g#ÃUjÔÄ Å � g#Ã8jÇÆwÈ É*Ø�ÙÌ É*Ø�Ù Í g·�¿�j
loV TWn`p N�P�Pts v�ucN�X�^�V�X�y Å � g#ÃUj1k Ì É�Õ:Ömk	R�Xw^�È�É�Õ:ÖÚMON�P~TWn�sz}�d�ZÛu�f���v�s k�R�X�^ Å �Üg#ÃUj1k Ì É�Ø�ÙÝk�R�X�^�È�É�Ø�Ù[MON�P�TWnws
}���_ou�f���v�s b }�nwsxv�R�QSs¤p N�XwvÇTWR�X6TzÆ�R�u�ucs R�P�v�V�XYR����~vtN�f�P�p soTWs P�Qzv�b Þ�N�P�s R�pqn+v�N�f�Ptp sLTWs PtQzkmlGs¤fwv�s�R
p N�X�vÇTWR�XWT�ßwN1l�P�RUTWs���saTDl�s s X¶vÇTWR�PàT|R�X�^�vÇTWN�uxTWV�Qzs v�k�R�X�^�á s P�NxßwN1lÛs ��v�salon�s Pts b â�f�s�TWNLTWn�s�TWV�QSsoX�s s ^ws ^
MON�P�TWn�s�vtN�f�P�p s��ÎR�ucN�PGy�RUTWs v�TWN�N�u�s X¶R�X�^�p ��N�vts�R�X�^�MON�P�TWnws��ÎR�ucN�P�v�TWN|TWP�R��ws �cTWN|TWn�s�v�f�PtMOR�p s k�TWn�s Pts�V�vGR
v�QzR����>TWV�Qzs�^�V�½Üs Pts X�p sx�csaTDl�s s X�TWn�s¤vÇTWR�PÇT`gR�X�^YvÇTWN�u�j|N�MmTWn�sL�ÎR�ucN�P|u�f���v�sxR�X�^¨TWnwsxvÇTWR�PàT¹gR�X�^YvÇTWN�u�j|N�M
TWn�sGv�N�f�P�p s���R�ucN�P�R�PtP�V �ÎR��:RUT~TWnws�vtf�P�MR�p s b`ã)sGR�p p N�fwX6ToMN�P�TWn�V�v�TWV�QzsG^wV�½Üs P�s Xwp s	l|V TWn�R|uwR�P�R�QzsaTWs P�äÜå�æ#ç-èéb
ãêV TWn¶R¤v�N�f�P�p s��ÎR�ucN�P�uwf���v�sLvàTWR�PÇTWV�X�y¤RUT�Ãaë1ì¨R�X�^�vÇTWN�u�u�V�X�yxRUT�Ã ë1í kwTWn�sovtN�f�P�p s~��R�ucN�P�v�R�paTWfwR���� YP�s R�pqnSTWnws
v�f�P�MR�p s[vÇTWR�PÇTWV�XwySRUT�Ãaë1ìGî�ï-ðéñÇò6ó�R�X�^¨s Xw^�V�X�y�RUT�Ã ë1í î)ï4ðWñÇòWó�b)ã)sLs vÇTWV�QSRUTWs ^�RS^�s ��R1`N�Mm¸�b�×�´Sv�f�v�V�X�y�TWnws
u�R�P�R�QzsaTWs P�s vÇTWV�QzRUTWV�N�X�u�P�N/p s v�v�R�v�^ws v�p P�V��cs ^�V�X¨Ó�s paTWV�N�X�ô�b

}�n�s�vàcvÇTWs Q%N�M[^wV�½Üs P�s XWTWV�R���s e4fwRUTWV�N�X�v¹gô�jõ"g·�¸�j1k�TWN�y�saTWnws P|loV TWn¹TWnws�v�N�fwP�p szTWs PtQzv¶g·�·�jõ"g·�¿�j1k�R�Xw^
R�u�u�P�N�u�PtV�RUTWsGV�X�V TWV�R���p N�X�^�V TWV�N�Xwv�k�p R�X¨�cs�v�N�� �ws ^�X/f�Qzs PtV�p R���� �MN�P�TWn�sGX/f�Q|��s P~N�M�QzN���s v�ª ® k�ª	�UkÎª � kÎª:«�kÎª	öUk
ª:÷�k>R�X�^�ª	¬UbºÞ�P�N�Q]TWn�s v�s[v�N���f�TWV�N�X�v�kÎTWn�sL²���QÛR�X�^¨Ówø�ù�TWn�V�pqÐ4Xws v�v�s v�R�Pts[N���TWR�V�X�s ^�MOP�N�Q]TWn�sGMON�PtQof���R�v�¾ ôUÀ
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lon�s P�s ú V�vmTWn�sGv�fwP�MOR�p sGR�Pts RzN�M�TWnws�l�R�Ms P�k Ì�� R�P�s�TWnwsGQzN���R�P��wN���f�QSs v�N�MÜTWn�sGp N�QzucN�X�s XWTWv�ª � k:R�X�^ Ì Ö/û1Ë
R�X�^ Ì Ù ì Ë R�P�sLTWn�sSQzN���R�P��wN���f�QSs v|N�M�Z[R�\]R�X�^`_aX�\ck	Pts v�ucs paTWV �ws � -b ÞmV�X�R���� -k ü ý¼þÜÿ V�v|R�Xrs ½�s paTWV �ws�Ó�ø�ù
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